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Abstract 

Background: Little is known about the prevalence, predictors and gender differences in hand grip strength of 
older adults in Africa. This study aims to investigate social and health differences in hand grip strength among 
older adults in a national probability sample of older South Africans who participated in the Study of Global Ageing 
and Adults Health (SAGE wave 1) in 2008. 

Methods: We conducted a national population-based cross-sectional study with a sample of 3840 men and women 
aged 50 years or older in South Africa. The questionnaire included socio-demographic characteristics, health variables, 
and anthropometric measurements. Linear multivariate regression analysis was performed to assess the association of 
social factors, health variables and grip strength. 

Results: The mean overall hand grip strength was 37.9 kgs for men (mean age 61.1 years, SD = 9.1) and 31.5 kgs for 
women (mean age 62.0 years, SD = 9.7). In multivariate analysis among men, greater height, not being underweight 
and lower functional disability was associated with greater grip strength, and among women, greater height, better 
cognitive functioning, and lower functional disability were associated with greater grip strength. 

Conclusions: Greater height and lower functional disability were found for both older South African men and women 
to be significantly associated with grip strength. 
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Background 

Loss in muscle mass is a prevalent health condition associ- 
ated with increasing chronological age [1,2], Loss of muscle 
mass invariably results in decreased muscle strength, i.e. 
weakness, which is reflected in deteriorating function tests 
[2]. Measurement of hand grip strength can be used as 
indicator of muscle function. Handgrip strength (HGS) 
is used as a proxy measure of physical health and muscle 
function [3] particularly among older people. It has been 
used in various disciplines including in gerontological and 
epidemiological studies [4,5]. 

The determinants of HGS are reported to include age 
and gender in healthy people [6]. In a sample of 27,351 
men and women aged 50 years and older in 11 European 
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countries, the mean maximum HGS was 41.26 kgs for 
men and 24.87 kgs for women [7]. In a study of Japanese- 
American men aged 50-68 years old, mean maximum 
HGS was reported as 36.65 kgs [8]. Further, HGS has been 
found to be associated with functional limitations [9] and 
disability [1,5,7,8,10], frailty [1,8], morbidity and mortality 
[3,9,11,12], cognitive performance [3,9,13], inactivity, de- 
pression and self- rated health [7]. In addition, it was found 
that height and weight were associated with HGS [7]. 

Little is known about the prevalence, predictors and 
gender differences of HGS of older adults in Africa. This 
study aims to investigate social, health and gender differ- 
ences in HGS among older South Africans who partici- 
pated in the Study of Global Ageing and Adults Health 
(SAGE wave 1) in 2008. 
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Methods 

Sample and procedure 

We conducted a national population-based cross- 
sectional study with a sample of 3840 men and women 
aged 50 years or older in South Africa in 2008. The 
SAGE sample design entails a two-stage probability sam- 
ple that yields national and sub-national estimates to an 
acceptable precision at provincial level, by locality type 
(urban and rural), and by population group (including 
African Black, Coloured, Indian or Asian and White). 
The individual response rate among those aged 50 years 
or older was 77%. SAGE was carried out in South Africa 
in partnership with the World Health Organization 
(WHO), the National Department of Health (NDOH), 
and the Human Sciences Research Council (HSRC). The 
study was approved by the HSRC Ethics Committee and 
the NDOH. Written informed consent was obtained from 
study participants. 

Measures 

Hand grip strength 

One grip test was conducted for each hand. a The re- 
spondent repeated the grip exercise twice for each hand, 
and the better of the two measurements was recorded. 
The grip strength is measured in mean maximum hand 
grip strength (kilograms). Those who had had any sur- 
gery on both their left and right arm, hand or wrist in 
the last 3 months or had arthritis or pain in both their 
left and right hand or wrist were excluded from the test. 
The following steps were followed to take grip strength 
measurements [14], p. 43: "1. Set the dynamometer to 
zero (0); 2. Check the fit of the dynamometer to the re- 
spondents hand - adjust by turning the handle to move 
it up or down - so that the bar should rest on the middle 
piece (phalanx) of the index and ring finger; 3. Ask re- 
spondent to use her/his left hand to grab the two pieces 
of metal, keep the upper arm close to her/his body and 
hold her/his forearm at right angles to the upper arm; 4. 
When ready, ask respondent to squeeze the dynamom- 
eter as hard as they can for a few seconds; 5. Read the 
dial at eye level and record strength in kilograms, round- 
ing down to the nearest kilogram. Record '00' wherever 
an attempt was not made; 6. Set the dynamometer to 
zero (0) and repeat the test with the left hand; and 7. Re- 
peat steps 2 to 6 for the opposite hand". 

Cognitive capacity 

A battery of cognitive tests was used to measure cogni- 
tive performance, in order to measure objective indica- 
tors of various aspects of cognition. The cognitive tests 
measured concentration, attention and immediate mem- 
ory and included verbal recall, verbal fluency (a test of 
executive function) and digit span (forward and back- 
ward). Verbal fluency involved asking respondents to 



produce as many words as possible in a given category 
(e.g., names of animals) within a fixed time (i.e., in a 
one-minute time span). This test measured the ability to 
retrieve information from semantic memory. The vari- 
ables of interest were the number of correctly named an- 
imals [15]. In terms of immediate and delayed verbal 
recall, the person administering the test presented 10 
words verbally and repeated the words three times to 
saturate the learning curve. After about 10 minutes, the 
respondent was asked to recall as many of the 10 words 
as possible, to test delayed recall and recognition. Thus, 
verbal recall scores indicate the average number of 
words recalled out of the 10 words presented. This test 
assessed learning capacity, memory storage and memory 
retrieval [16]. Digit span included the forward and back- 
ward tests. For the forward test, participants read a 
series of digits (for example, "8, 3, 4") and had to imme- 
diately repeat them back. If they recalled the numbers 
correctly, they were given a longer series of digits, until 
failure. In the backward test, the person was asked to re- 
peat the numbers read to them, but in reverse order. 
The length of the longest list a person can remember in 
this fashion was that person's digit span and was viewed 
as an estimate of working memory [17,18]. To test over- 
all cognition, the following tests were selected - word 
list recall, verbal fluency and digit span. These accurately 
measure the cognitive domains most affected by impair- 
ment and the early stages of dementia. The overall cogni- 
tive score consisted of a summation of the results, and 
was converted to a scale of 0 to 100, where 0 represented 
worst cognitive functioning and 100 best cognitive func- 
tioning. The overall cognitive score was dichotomised by 
using the median into 48 or more and less than 48. 

Functional ability was measured by the 12-item WHO 
Disability Assessment Schedule, version 2 (WHODAS-II) 
[19], designed to measure disability from responses to 
questions on physical functioning in a range of activities 
of daily living (ADLs) as well as instrumental activities of 
daily living (IADLs). Respondents were asked about diffi- 
culties in performing ADLs such as standing, taking care 
of household responsibilities, learning a new task as well 
as IADLs like getting dressed and participation in commu- 
nity activities in the last 30 days. Responses to these ques- 
tions were scored using a five-point Likert-type response 
scale, none', mild', moderate', severe', and extreme/cannot 
do'. The computed WHODAS score ranged from 0-36 
and was later transformed into 0-100 with 100 being se- 
vere/extreme disability [15]. WHODAS II subscales and 
summary indices were coded using the International Clas- 
sification of Functioning, Disability and Health (ICF) dis- 
ability categories [16]; namely: No problem (0%-4%); Mild 
problem (5%-24%); Moderate problem (25%-49%); Severe 
problem (50%-95%); and Extreme problem (95%-100%), 
and dichotomised into 25% or above = 1 and 0- < 25 = 0. 
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Subjective health status was assessed with one question: 
"In general, how would you rate your health today?" Re- 
sponse options ranged from 1 = very good to 5 = very bad. 
Respondents also rated their health on nine domains: 
affect, mobility, sleep and energy, cognition, interpersonal 
activities, vision, self-care, pain, and breathing [20]. The 
SAGE composite health score was derived from 16 re- 
sponses, two questions for each domain, using a Rasch 
partial credit model of Item Response Theory [21] that 
served to generate a composite health-state score [22,23]. 

Depression. Symptom-based depression in the past 12 
months was assessed based on the World Mental Health 
Survey version of the Composite International Diagnos- 
tic Interview [24] . The diagnosis of depression was based 
on the International Classification of Diseases tenth revi- 
sion (ICD-10) diagnostic criteria for research for depres- 
sive episodes [25] and was derived from an algorithm 
that took into account respondents reporting symptoms 
of depression during the past 12 months [26]. Partici- 
pants endorsed at least four of ten depressive symptoms 
lasting 2 weeks most of the day or all of the day. Accord- 
ing to the ICD-10-DCR criterion B, at least two of the 
following three symptoms needed to be present: depressed 
mood, loss of interest and fatigability. In addition, the ones 
who responded affirmatively to the question, "Have you 
been taking any medications or other treatment such as 
attending therapy or counselling sessions for depression 
during the last 12 months?" was added to the symptom- 
based depression. 

Tobacco use- Lifetime tobacco use was assessed with the 
question "Have you ever smoked tobacco or used smoke- 
less tobacco?" Lifetime tobacco users were asked "Do you 
currently use (smoke, sniff or chew) any tobacco products 
such as cigarettes, cigars, pipes, chewing tobacco or 
snuff?" The response options were "Yes, daily", "Yes, but 
not daily" and "No, Not at all". These questions are based 
on the WHO Guidelines for Controlling and Monitoring 
the Tobacco Epidemic [27] . 

Alcohol use- Lifetime alcohol use was assessed with the 
question "Have you ever consumed a drink that contains 
alcohol (such as beer, wine, spirits, etc.)?" Response op- 
tions were "Yes" or "No, never". Lifetime alcohol users 
were asked about current (past month) alcohol use, and 
current alcohol users were asked "During the past 7 days, 
how many drinks of any alcoholic beverage did you have 
each day?" [28] Hazardous and harmful alcohol users were 
defined as those who consumed 10 or more alcoholic 
drinks a week. 

Height and weight were measured using a stadiometer 
for height and a weighing scale for weight. In terms of 
measuring height, an area was selected where the floor 
was firm, flat and close to a wall. Respondents were 
asked to remove their footwear and stand with their 
backs to the selected wall and step onto the base of the 



stadiometer with their feet together, knees straight and 
their heels, buttocks, back and head against the wall. Re- 
spondents were also asked to look straight ahead with 
their chin slightly tucked to their chest. The stadiometer 
level was then stretched to the topmost point of the 
head and the height was recorded to the nearest 0.1 cm. 
In terms of weight, respondents were asked together 
with their footwear, to remove all outer clothing and 
only wear a single layer of clothing. The weighing scale 
was placed on the floor that was firm, flat and close to a 
wall should the respondent need to lean up against the 
wall. The scale was checked to ensure it displayed zero 
and if not, it was reset to display zero. The respondent 
was asked to step on the scale and stand still, face forward, 
place their arms at their side with palms facing inwards 
and not to hold onto anything. The weight was recorded 
from the scale display in kilograms to the nearest 0.1 kg 
[14]. Body mass index (BMI) was used as an indicator of 
obesity. BMI was calculated as weight in kg divided by 
height in metre squared. Obesity was defined as >30 kg/m 2 
(BMI) and underweight <18.5. kg/m 2 (BMI). 

Physical activity was measured using the General 
Physical Activity Questionnaire (GPAQ). The instrument 
gathered information on physical activity in three do- 
mains (activity at work, travel to and from places, and 
recreational activities), as well as time spent on sitting. 
The questionnaire also assessed vigorous and moderate 
activities performed at work and recreational activities. 
Information on the number of days in a week spent on 
different activities and time spent in a typical day for 
each activity was also recorded [29] . For physical activity, 
in addition to the total minutes of activity, the activity 
volume was also computed by weighing each type of ac- 
tivity by its energy requirement in metabolic equivalents 
(METs). The number of days and total physical activity 
MET minutes per week were used to classify respon- 
dents into three categories of low, moderate, and high 
levels of physical activity. Physical inactivity was defined 
as those who had low levels of physical activity; moder- 
ate and high levels of physical activity were collapsed in 
further analysis [29]. 

Chronic diseases 

Chronic diseases included arthritis, stroke, angina, diabetes, 
chronic lung disease, asthma, depression and hypertension. 
They were assessed by self-report, "Have you ever been 
diagnosed with e.g. diabetes (high blood sugar)?" 

Economic or wealth status 

To estimate economic or wealth status, a random-effects 
probit model was used to identify indicator-specific thres- 
holds that represent the point on the wealth scale above 
which a household is more likely to own a particular asset 
than not. This enabled an estimation of an asset ladder. 
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Table 1 Sample characteristics and prevalence of mean 
maximum grip strength among older South Africans by 
gender 



Table 1 Sample characteristics and prevalence of mean 
maximum grip strength among older South Africans by 
gender (Continued) 



Variables 


Total sample 


Mean maximum grip 
strength (kg) 1 


Sociodemographics 


N (%) 


Male 
M (SD) 


Female 
M (SD) 


All 


3840 


37.9 (19.6) 


31.5 (17.8) 


Age in years (M, SD) 


61.6 (9.5) 


61.1 (9.1) 


62.0 (9.7) 


50-59 


1695 (49.9) 


40.4 (19.6) 


32.9 (18.3) 


60-69 


1233 (30.6) 


35.8 (19.6) 


31.8 (17.9) 


70-79 


661 (14.0) 


35.0 (19.2) 


28.7 (16.5) 


80 and over 


251 (5.5) 


31.1 (16.8) 


25.2 (14.2) 


Population group 








African Black 


2053 (74.0) 


38.9 (19.6) 


31.2 (16.4) 


White 


269 (9.3) 


46.5 (22.3) 


39.4 (22.2) 


Coloured 


655 (12.8) 


34.5 (21.0) 


28.8 (19.9) 


Indian or Asian 


307 (3.8) 


33.0 (20.1) 


31.2 (16.3) 


Educational level 








No schooling 


854 (25.2) 


37.0 (17.4) 


30.0 (17.2) 


Less than primary 


803 (24.0) 


39.3 (23.2) 


30.2 (17.6) 


Primary 


779 (22.4) 


33.8 (17.5) 


31.2 (16.9) 


Secondary 


923 (28.3) 


41.0 (20.6) 


35.5 (19.1) 


Wealth 








Low 


1482 (40.6) 


37.2 (19.6) 


29.7 (16.7) 


Medium 


731 (18.2) 


39.2 (19.0) 


31.4 (16.3) 


High 


1608 (41.2) 


38.0 (19.7) 


33.6 (19.7) 


Geolocality 








Rural 


1276 (35.1) 


37.5 (19.5) 


31.0 (16.3) 


Urban 


2561 (64.9) 


38.1 (19.7) 


31.8 (18.6) 


Health variables 








Height (cms) [M (SD)] 


158.5 (12.4) 






Underweight 


184 (4.3) 


28.8 (19.6) 


32.6 (20.5) 


Obese 


1539 (46.7) 


37.4 (19.8) 


31.3 (17.7) 


Cognitive functioning 


1 793 (52.0) 


40.9 (20.3) 


36.2 (19.0) 


Self-rated health 








Very good/good 


1460 (37.9) 


40.8 (18.9) 


34.8 (19.3) 


Moderate 


1681 (44.6) 


37.1 (20.2) 


30.1 (16.6) 


Bad/very bad 


617 (17.5) 


31.9 (18.3) 


28.1 (16.7) 


Functional disability 








Low 


1381 (34.5) 


43.0 (20.4) 


37.7 (20.9) 


Medium 


1142 (28.3) 


37.0 (16.0) 


30.8 (15.4) 


High 


1317 (37.2) 


31.3 (19.2) 


27.1 (15.4) 


Chronic conditions 
(>2 or more) 


780 (21.5) 


30.4 (18.5) 


28.3 (17.7) 


Depression 


160 (4.0) 


33.7 (21.0) 


29.4 (20.0) 


Daily tobacco use 


810 (20.4) 


39.4 (22.3) 


31.4(19.0) 



Alcohol use 

(10 drinks or more a week) 



158 (3.7) 
2455 (60.5) 



41.6 (19.1) 
37.1 (20.0) 



23.2 (13.8) 
31.0 (18.3) 



Physical inactivity 

^94 (7.5%) were excluded from the sample since they reported to have had 
surgery on both their left and right arm, hand or wrist in the last 3 months or 
had arthritis or pain in both their left and right hand or wrist were excluded 
from the test. 

These estimates of thresholds, combined with actual as- 
sets observed to be owned for any given household, were 
used to produce an estimate of household-level wealth 
status. This was used to create wealth Quintiles [30]. 



Data analysis 

The data were entered using CSPro and analysed using 
STATA Version 10. The data were weighted using post- 
stratified individual probability weights based on the se- 
lection probability at each stage of selection. Individual 
weights were post-stratified by province, sex and age- 
groups according to the 2009 Medium Mid Year popula- 
tion estimates from Statistics South Africa [31]. Weights 
were not normalised. Associations between the key out- 
come of HGS and social and health variables were evalu- 
ated by calculating beta correlation coefficients for men 
and women separately. Linear multivariate regression 
was used for the evaluation of the impact of explanatory 
variables for the outcome of HGS (dependent variable). 
All variables statistically significant at the P < .05 levels 
in bivariate analyses were included in the multivariate 
models. In the analysis, weighted percentages were re- 
ported. Both the reported 95% confidence intervals and 
the P value were adjusted for the multi-stage stratified 
cluster sample design of the study. 

Results 

Descriptive results 

The total sample included 3840 men and women of 50 
years or older South Africans, 44.1% men and 55.9% 
women. The most prevalent population group was African 
Black (74%); almost half (49.9%) was between 50 to 59 
years old. The educational level of most participants 
(71.6%) was lower than secondary school education and 
almost two-thirds (64.9%) lived in an urban area. Almost 
half (46.7%) of older adults were obese and 77.3% had 
hypertension, and 9.2% had diabetes. In addition, 4.0% 
had had a stroke, 5.2% angina, 4.9% asthma, 4% depres- 
sion, 24.7% arthritis and 8.9% a nocturnal sleep problem. 
More than half (60.5%) engaged in low physical activity, 
20.4% were daily tobacco users, and a small proportion 
(3.7%) was hazardous or harmful alcohol users. The mean 
overall HGS was 34.3 kg (mean age 61.6, SD = 6.5), 37.9 
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Table 2 Parameter estimates of the association of grip strength with sociodemographic and health variables among 
older South Africans by gender 

Variables Men Women 

Sociodemographics Beta 95% CI Beta 95% CI 



Age 
50-59 
60-69 
70-79 
80+ 

Population group 

African Black 

White 

Coloured 

Indian or Asian 
Educational level 

No schooling 

Less than primary 

Primary 

Secondary 
Wealth 

Low 

Medium 

High 
Geolocality 

Rural 

Urban 
Health variables 
Height (cms) 
Underweight 
Obese 

Cognitive functioning 
Self-rated health 

Very good/good 

Moderate 

Bad/very bad 
Functional disability 

Low 

Medium 

High 

Chronic conditions (>2 or more) 

Depression 

Daily tobacco use 

Alcohol use (10 drinks or more a week) 
Physical inactivity 



Reference 

-4.57 (-8.20 to -0.98)* 
-5.41 (-9.91 to -0.90)* 
-9.32 (-17.49 to -1.15)* 

Reference 

7.62 (-1.76 to 17.00) 
-4.39 (-14.16 to 5.37) 
-5.90 (-15.15 to 3.35) 

Reference 
2.34 (-2.07 to 6.75) 
-3.24 (-7.06 to 0.56) 
3.98 (-0.21 to 8.16) 

Reference 

2.08 (-3.33 to 7.49) 

0.83 (-3.74 to 5.41) 

Reference 

0.57 (-4.34 to 5.49) 

0.19(0.08 to 0.30)*** 
-9.41 (-17.86 to -0.95)* 
-0.50 (-5.53 to 4.52) 
7.61 (3.99 to 11.22)*** 

Reference 

-3.71 (-8.03 to 0.62) 
-8.86 (-14.44 to -3.29)** 

Reference 

-5.95 (-9.04 to -2.85)*** 
-11.69 (-15.58 to -7.80)*** 
-8.87 (-14.14 to -3.60)*** 
-4.32 (-13.36 to 4.71) 
2.04 (-1.34 to 5.42) 
3.95 (-2.44 to 10.34) 
-1.65 (-5.27 to 1.98) 



-2.55 (-6.10 to 1.01) 
-3.53 (-9.38 to 2.32) 
-2.25 (-10.22-5.72) 



0.15 (0.02 to 0.28)* 
-8.41 (-14.87 to -1.9 

2.84 (-0.30 to 5.97) 



1.88 (-3.31 to 7.06) 
0.82 (-3.94 to 5.57) 



-5.95 (-8.54 to -3.36)**" 
-8.92 (-14.7 to -3.22)* 
-5.03 (-11.1 to 1.06) 



-1.14 (-3.86 to 1.58) 
-4.26 (-7.95 to -0.56)* 
-7.74 (-10.97 to -4.51)* 



8.21 (-1.70 to 18.12) 
-2.42 (-9.23 to 4.39) 
0.02 (-4.05 to 4.08) 



0.26 (-1.86 to 2.38) 
1.25 (-1.56 to 4.06) 
5.51 (1.63 to 9.38)** 



1 .70 (-0.89 to 4.29) 
3.85 (-0.1 1 to 7.80) 



0.83 (-4.02 to 5.67) 

0.20 (0.08 to 0.33)** 
1.17 (-5.30 to 7.64) 
-0.37 (-2.72 to 1 .99) 
8.96 (5.34 to 12.58)*** 



-4.67 (-7.59 to -1.75)* 
-6.75 (-11.41 to -2.08) 



-6.93 (-10.62 to -3.24)*** 
-10.64 (-14.90 to -6.39)*** 
-4.21 (-6.87 to -1.56)** 
-2.21 (-9.31 to 4.90) 
-0.22 (-3.69 to 3.26) 
-8.48 (-16.24 to -0.72)* 
-1.53 (-5.50 to 2.44) 



1.37 (-1.03 to 3.78) 
-1.23 (-5.24 to 2.79) 
-2.37 (-6.60 to 1 .85) 



1.17 (-1.44 to 3.78) 
0.30 (-2.31 to 2.92) 
2.07 (-1.56 to 5.70) 



0.13 (0.02 to 0.25)* 



6.40 (3.07 to 9.74)* 



0.17 (-2.70 to 3.04) 
1.52 (-3.06 to 6.10) 



-6.33 (-10.03 to -2.63)* 
-8.41 (-12.92 to -3.90)* 
-2.91 (-6.23 to 0.39) 



-7.99 (-17.77 to 1.78) 



*P<.001; **P<.01; *P<.05. 



Ramlagan et al. BMC Research Notes 2014, 7:8 
http://www.biomedcentral.eom/1756-0500/7/8 



Page 6 of 7 



kgs for men (mean age 61.1 years, SD = 9.1) and 31.5 kgs 
for women (mean age 62.0 years, SD = 9.7) (see Table 1). 

Table 1 also shows that as age increased, HGS de- 
creased for both men and women. HGS for men and 
women 50-59 years old were reported as 40.4 kgs and 
32.9 kgs respectively and for those men and women 80 
years and older it is reported as 31.1 kgs and 25.2 kgs 
respectively. Regarding different population groups, White 
men and women had the highest HGS compared to all 
other population groups, and Indian/Asian men and 
Coloured women had the lowest HGS. HGS was also seen 
to increase as education level increased and as wealth in- 
creased but there was really no difference in HGS among 
South African urban and rural dwellers. Underweight men 
had lower (weaker) HGS than underweight women, while 
obese men had higher HGS than obese women. Those 
with better self-rated health and lower functional disability 
scores had a better HGS than those with poor self-rated 
health and higher functional disability scores (see Table 1). 

Predictors of hand grip strength 

In bivariate analysis for both men and women HGS re- 
duced significantly with age. In multivariate analysis among 
men, greater height, not being underweight and lower 
functional disability were associated with greater HGS. 
In multivariate analysis among women, greater height, 
better cognitive functioning, and lower functional disabil- 
ity were associated with greater HGS (see Table 2). 

Discussion 

This aim of this study is to investigate social and health 
differences in HGS among older South Africans. We 
found in agreement with other studies [1,2,4] that older 
men had a higher HGS than older women, and in bivari- 
ate analysis that when age increases HGS decreases. 

Comparing different population groups in South Africa, 
white men and women had higher HGS than all other 
population groups (African/Black, Indian/Asian and 
Coloured). South African men aged 50 years and older 
had a lower HGS than men in 11 European countries [7] 
yet South African women had a higher HGS than European 
women. When comparing South African mens HGS to that 
of Japanese- American men [8], we see that South African 
men have a slightly stronger HGS of just 1.25 kgs more. 

HGS tends to increase as education level as well as 
wealth increases in both men and women [7], yet this was 
not found in this study. But in terms of cognitive perform- 
ance, we find that in women, better cognitive functioning 
was significantly associated with greater HGS. In another 
study [13], we see that higher cognitive functioning was 
positively associated with HGS and subsequently better 
memory, attention, and processing speed. 

Height was significantly associated with HGS, similar 
to other studies [7], meaning that taller individuals had 



better HGS. Being underweight was only significantly as- 
sociated with lower HGS in this study in for men, yet 
functional disability was, for both men and women, highly 
associated with HGS. 

Limitations of the study 

This study had several limitations. Firstly, the self-report 
of health variables such as depression symptoms, to- 
bacco or alcohol use should be interpreted with caution; 
it is possible that measurement errors occurred. Secondly, 
the WHO SAGE wave 1 study utilised the non-standard 
approach to HGS. However, a standardised approach to 
HGS was published in 2011 [32], long after the study had 
been conducted, and should be used in future studies. 
Thirdly, this study was based on data collected in a cross- 
sectional survey. We cannot, therefore, ascribe causality to 
any of the associated factors in the study. However, follow 
up studies are planned. Finally, data were collected from 
older adults who were available in the household on the 
day of the survey. Respondents who were institutionalized 
(prison, hospital, care home) and not returning to the 
household within seven days and those who had moved 
more than 50 kilometers away from the study household 
were not included. 

Conclusion 

We conclude that greater height and lower functional 
disability were found for both men and women to be sig- 
nificantly associated with grip strength. Gender differences 
were that among men being underweight was associated 
with lower HGS and among women better cognitive func- 
tions was associated with higher HGS. 

Endnote 

a Smedleys Hand Dynamometer, Scandidact, Oldenvej 
45, and 3490 Kvistgard, Denmark. 
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